Communication networks create lot of interest due to their ready applicability in performance evaluation of several communication systems. In communication systems it is customary to consider that the arrivals are characterized by Poisson process. This assumption holds good if the arrivals are homogeneous and independent of time. But in many tele and satellite communication systems the arrivals are non homogeneous and the arrival rate is time dependent. Hence, in this paper we develop and analyze a three node communication network model with the assumption that the arrivals are characterized by non homogeneous Poisson process. It is further assumed that transmission time required by each packet at each node is dependent on the content of the buffer connected to it. The transient behavior of the network model is analyzed by deriving the system performance measures like mean number of packets in each buffer, mean delay in transmission, the throughput of the nodes, utilization of transmitters, etc,. The sensitivity analysis of the model reveals that the non homogeneous Poisson arrivals and dynamic bandwidth allocation strategy can reduce burstness in buffer and improve quality of service. A comparative study of communication network with non homogeneous Poisson arrivals and Poisson arrivals is also given.
THREE NODE COMMUNICATION NETWORK MODEL WITH DBA AND NHP ARRIVALS
In this section, a communication network model having three nodes in tandem is studied. The arrivals to the buffer connected at node one are assumed to follow a non-homogeneous Poisson process with mean arrival rate as a function of time t. It is of the form λ(t) = λ + α t. The transmission process from node one to node two follows a Poisson process with parameter μ 1. After getting transmitted from node one the packets are forwarded to the second buffer for transmission. After getting transmitted from second node it is forwarded to the third buffer for transmission. The transmission processes of node two and three also follow Poisson processes with parameters μ 2 and μ 3 respectively. The transmission rate of each packet is adjusted just before transmission depending on the content of the buffer connected to the transmitter. The packets are transmitted through the transmitters by the first in first out discipline. The schematic diagram representing the communication network is shown in Figure 1 , t P n n n denote the probability that there are n 1 packets in the first buffer and n 2 packets in the second buffer and n 3 packets in the third buffer at time t Then difference-differential equations of the network are (   3  2  1  1  ,  ,  3  3  1  ,  1  ,  2  2   ,  1  ,  1  1  1  ,  ,  1  ,  3  3  2  2  1  1   ,  ,   3  2  1  3  2  1   3  2  1  3  2  1  3 n n n t P n t P n t P n t P t t P n n n t t t P n n n n n n n n n n n n n n n n n n 3   3  2  1  3  3   3  2  1  3  3  2   3  2  1  3  2  2   3  2  1  2  2   1   3  2  1  2  1  1   3  2  1  1  1  3  2  1  1  3  2  1   3  2  1   ;  ,  ,  ;  ,  ,  ;  ,  ,  ;  ,  ,   ;  ,  ,  ;  ,  ,  ;  ,  ,  ;  , 
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Solving the first and fifth terms in equation (2.5), we get
where, a, b, c and d ar arbitrary constants. Using the initiale conditions
The general solution of (2.5) gives the probability generating function of the number of packets in the first, second and third buffers at time t, as P(s 1 ,s 2 , s 3,; t). Expanding P(s 2 ,t) and collecting the constant terms, we get the probability that the second buffer is empty as
Similarly taking s 1 = 1, s 2 = 1 in equation (2.7),we get the probability generating function of the third buffer size as 
Expanding P( s 3 ,t) and collecting the constant terms, we get the probability that the third buffer is empty as The mean number of packets in the first buffer is
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The utilization of the first transmitter is
The mean number of the packets in second buffer is
The utilization of the second transmitter is
The mean number of the packets in third buffer is The utilization of the third transmitter is The variance of the number of packets in the first buffer is
The variance of the number of packets in the second buffer is The variance of the number of packets in the third buffer is 
The mean delay in the first buffer is
The throughput of the second transmitter is The mean delay in the second buffer is The throughput of the third transmitter is 1  1  2  3  1  1  2  2  3  1  3  3  2   2   1  2  2  3  3  1  2  3 The mean delay in the third buffer is The mean number of packets in the entire network at time t is The variability of the number of packets in the network is 
PERFORMANCE EVALUATION OF THE NETWORK
In this section, the performance of the communication network is discussed through numerical illustration. Different values of the parameters are considered for bandwidth allocation and arrival of packets. After interacting with the technical staff at internet providing station, it is considered that the packet arrival parameter (λ) varies from 2x10 4 packets/sec to 7x10 4 packets/sec, and (α ) varies from 1 to 3 with an average packet size of 53 bytes. After transmitting from node 1, the forward transmission rate (µ 1 ) varies from 5x10 4 packets/sec to 9x10 4 packets/sec. The rate of transmission from node 2 (µ 2 ) varies from 15x10 4 packets/sec to 19x10 4 packets/sec. The rate of transmission from node 3 (µ 3 ) varies from 25x10 4 packets/sec to 29x10 4 packets/sec. In all the nodes, the dynamic bandwidth allocation strategy is considered i.e., the transmission rate of each packet depends on the number of packets in the buffer connected to it at that instant.
Using equations (3.9), (3.11), (3.13), (3.17), (3.19), and (3.21) the utilization of the transmitters and throughput of three nodes are computed for different values of the parameters t, λ, α, µ 1, µ 2, µ 3 and are presented in table 1. The relationship between parameters and utilization of transmitters and throughput of nodes are shown in Figure. 1.
From table 1, it is observed that as the time (t) and arrival parameter (λ) increases, the utilization of transmitters are increasing for fixed values of the other parameters. It is also observed that as the parameter (α) increases, the utilization of transmitters at all nodes are increasing for fixed values of the other parameters. As the transmission parameter (µ 1 ) increases, the utilization of the first node decreases and utilization of second and third nodes increase when the other parameters remain fixed. Similarly, as the transmission parameter (µ 2 ) increases the utilization of the first node is constant, the utilization of the second node decreases and utilization of the third node increases when other parameters remain fixed. Similarly, as the transmission parameter (µ 3 ) increases the utilization of the first and second nodes are constant and the utilization of the third node decreases when other parameters remain fixed.
It is observed as time value t increases, the throughput of first, second and third nodes are increasing for fixed values of the other parameters. As the parameter (λ) varies from 3x10 4 packets/sec to 7x10 4 packets/sec, the throughput of the first node, second node and third node are increasing when other parameters remain fixed. When the parameter (α) varies from 1 to 3, the throughput of the first node, second node and third node are increasing when other parameters remain fixed. 4 packets/sec, the throughput of the first node remains constant, the second node and the third node are increasing when other parameters remain fixed. As the transmission rate (µ 3 ) varies from 25x10 4 packets/sec to 29x10 4 packets/sec, the throughput of the first and second nodes remains constant and for the third node, it is increasing when other parameters remain fixed.
From equations (3.8), (3, 10) ,(3.12) and (3.18), (3.20), (3.22) , the mean number of packets in the buffers and in the network, mean delays in transmission of three transmitters are computed for different values of t, λ ,α, µ 1, µ 2, µ 3 and presented in Table 2 . The relationship between the parameters and the performance measure are shown in the Figure 2 .
It is observed that when time t = 0.1 seconds, the number of packets in the first buffer is 1616 packets, after 0.3 seconds it rapidly increases to 3396 packets. After of 0.7 seconds, it reaches 4891 packets and thereafter there is steady increase in the content of the first buffer for fixed values of other parameters (2, 1, 5, 15, 25) for (λ , α, µ 1, µ 2, µ 3 ). It is observed that as time (t) varies from 0.1 second to 5 seconds, the average content in second and third buffers and in the network is increasing when other parameters are fixed.
When the parameter (λ) varies from 3x10 4 packets/sec to 7x10 4 packets/sec, the average content of the first, second and third buffers and in the network are increasing when other parameters remain fixed. The parameter (α ) varies from 1 to 3, the average number of packets in the first, second and third buffers and in the network are increasing when other parameters remain fixed.
When the transmission parameter (µ 1 ) varies from 5x10 4 packets/sec to 9x10 4 packets/sec, the average content of the first buffer and in the network are decreasing and the mean number of packets in the second and third buffers are increasing when other parameters remain fixed.
Table 2
Values of mean number of packets and mean delay of the communication network with DBA and NHP Arrivals Similarly the transmission parameter (µ 3 ) varies from 25x10 4 packets/sec to 29x10 4 packets/sec, the average content of the first and second buffers remain constant and the average content of the third buffer and in the network are decreasing when other parameters remain fixed.
It is observed that as the time (t) and the parameter (λ) are increasing, the mean delay in buffers is increasing for fixed values of the other parameters. It is also observed that as the parameter (α) varies the mean delay in all buffers are increasing from fixed values of other parameters. As the transmission rate (µ 1 ) increases, the mean delay in the first buffer decreases and
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25 the mean delay in the second and third buffers increase when the other parameters remain fixed. Similarly, the transmission rate (µ 2 ) increases the mean delay in the first buffer remains constant and the mean delay in the second buffer decreases and the mean delay in the third buffer increases when other parameter remains fixed. Similarly, the transmission rate (µ 3 ) increases the mean delay in the first and second buffers remain constant and the mean delay in the third buffer decreases when other parameter remains fixed. From this analysis it is observed that the dynamic bandwidth allocation strategy has a significant influence on all performance measures of the network. It is further observed that the performance measures are highly sensitive towards smaller values of time. Hence, it is optimal to consider dynamic bandwidth allocation under and non-homogeneous Poisson arrivals and evaluate the performance of the network under transient conditions. It is also to be observed that the congestion in buffers and delays in transmission got reduced to a minimum level by adopting dynamic bandwidth allocation. This phenomenon has a vital bearing on quality of transmission (service).
SENSIVITY ANALYSIS
Sensitivity analysis of the model is performed with respect to the effect of changes in the parameters t, λ, α, µ 1, µ 2, µ 3 on the mean number of packets, the utilization of transmitters, the mean delay and the throughput of the first, second and third nodes.
The following data has been considered for the sensitivity analysis, t = 0.5 sec, λ=2x10 4 packets/sec, α = 1, µ 1 =5x10 4 packets/sec, µ 2 =15x10 4 packets/sec, and µ 3 =25x10 4 packets/sec.
The mean number of packets, the utilization of nodes, the mean delay, and the throughput of the first, second and third transmitters are computed with variation of -15%, -10%, -5%, 0%, +5%, +10% and +15% on the model parameters and presented in table 3.
The performance measures are highly affected by the changes in the values of time (t) and arrival parameters (λ) and (α). As t increases from -15% to +15% the average number of packets in the three buffers and in the total network increase along with the average delay in buffers, the utilization and throughput of the three nodes. As the parameter(λ) increases from -15% to +15% the average number of packets in the three buffers and in the network are increasing along with the average delay, the utilization and the throughput of nodes. Similarly, for the parameter (α), the utilization and the throughput are increasing when it increases. Overall analysis of the parameters reflects that the dynamic bandwidth allocation strategy for congestion control tremendously reduce the delay in transmission and improve the quality of service by reducing burstness in buffers. Table 4 Comparative study of models with NHP and HP arrivals 
